BACKGROUND/OBJECTIVES: Numbers of epidemiological studies assessing coffee consumption and serum lipids have yielded inconsistent results. We aimed to evaluate the effects of coffee intake on serum lipids. SUBJECTS/METHODS: We searched several English and Chinese electronic databases up to September 2011 for randomized controlled trials of coffee on serum lipids. Weighted mean effect size was calculated for net changes in serum lipids by using random-effect models or fixed-effect models. Subgroup and meta-regression analyses were conducted to explore possible explanations for heterogeneity among trials. RESULTS: Twelve studies conducted in Western countries with a total of 1017 subjects were identified. Meta-analyses showed, on average, drinking coffee for 45 days was associated with an increase of 8.1 mg/dl (95% confidence interval (CI): 4.5, 11.6; Po0.001) for total cholesterol (TC), 5.4 mg/dl (95% CI: 1.4, 9.5; P ¼ 0.009) for low-density lipoprotein cholesterol (LDL-C) and 12.6 mg/dl (95% CI: 3.5, 12.6; P ¼ 0.007) for triglyceride (TG). The increase in TC were greater in trials using unfiltered coffee and caffeinated coffee as the treatment group. Those who had hyperlipidemia were more sensitive to the cholesterol-raising effect of coffee. Meta-regression analysis revealed a positive dose-response relation between coffee intake and TC, LDL-C and TG. CONCLUSION: The intake of coffee especially unfiltered coffee is contributed significantly to the increase in TC, LDL-C and TG, and the changes were related to the level of intake. Studies of coffee intake on serum lipids in Asian populations should be performed.
INTRODUCTION
Coffee is one of the most commonly consumed beverages and even small health effects of coffee could have considerable public health consequences. Controversies regarding its risks and benefits still exist as substances in coffee may have either unfavorable or beneficial effects on the cardiovascular system. 1 A large body of epidemiology studies, including recent studies, [2] [3] [4] [5] examining the association between coffee consumption and serum lipids have yielded inconsistent results.
A meta-analysis of nine randomized controlled trials (RCTs) published before December 1998 concluded that consumption of unfiltered, but not filtered, coffee increased serum levels of total cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C). 6 However, this meta-analysis was only based on English-language literature and the authors failed to include two important RCTs, 7, 8 which included 345 participants. In addition, the active factors such as caffeine and coffee oils, which were responsible for the plasma lipoprotein-increasing effect of coffee, were not determined.
To determine the effect of caffeinated coffee and decaffeinated coffee consumption on plasma lipoprotein cholesterol levels in healthy men, Fried et al. 9 performed a RCT by three intervention coffee including 720 ml/day of caffeinated coffee, 360 ml/day of caffeinated coffee and 720 ml/day of decaffeinated coffee. They found that only men in the third group had mean increases in plasma levels of TC (0.24 mmol/l), LDL-C (0.17 mmol/l) and high-density lipoprotein cholesterol (HDL-C) (0.08 mmol/l). In another RCT, 181 men consumed a standard caffeinated coffee for 2 months followed by randomization to continue caffeinated coffee (control), change to decaffeinated coffee or no coffee for 2 months. 10 They reported that change from caffeinated to decaffeinated coffee increased plasma LDL-C, which suggests that a coffee component other than caffeine is responsible for the LDL-C change. Therefore, whether the changes were attributable to the caffeine or not remained unclear.
Much of the currently available information on the effects of coffee consumption is derived from epidemiological research. Clinical trials used various intake levels of coffee consumption with varying type of coffee and different protocols. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Metaanalysis is a statistical technique in which results of separate studies are combined to increase statistical power, clarify results and more accurately estimate the size of treatment effects. To more precisely evaluate the effects of coffee intake on serum lipids and to clarify the active factors of coffee, we performed a meta-analysis of 12-RCTs.
MATERIALS AND METHODS
Literature search 2011), VIP database for Chinese Technical Periodicals (1989-September 2011) and Wanfang database (1982-September 2011) were used to search articles (in English and Chinese) that described RCTs investigating the effect of coffee consumption on serum lipids.
Selection of studies
Titles, abstracts and subject headings in the databases were searched with the use of the following Boolean phrases: ('coffee' or 'caffeine' or 'coffea' or 'caffeic acid' or 'cafestol' or 'kahweol') and ('cholesterol' or 'lipoproteins' or 'apolipoproteins' or 'triglyceride' (TG) or 'lipids'). We also examined all references of related reviews and papers identified by the search. We did not try to contact the experts for the obtaining of unpublished data.
Studies were selected for analysis if they met all of the following criteria: (1) subjects ingested coffee for at least 7 days; (2) the RCTs included a parallel control group; and (3) TC, LDL-C, HDL-C or TG was used as an index of lipid profile. Reasons for the exclusion of studies were: (1) nonrandomized treatment allocation; (2) a lack of concurrent control group; (3) insufficient data to calculate the net change in serum lipids and their variances. If the study sample was found to overlap with that in another article or if two articles described aspects of the same study, only the publication with the largest sample was used. If the study reported some comparisons, we included all comparisons in the meta-analysis.
Data extraction
Data from original articles were abstracted independently by two reviewers (Li Cai and Zhaoyan Liu) using a standardized data collection form. Any disagreements between the two reviewers were resolved through discussion with a third reviewer (Defu Ma). The following data were collected: (1) author and publication year; (2) population information including country, sample size, age, sex, healthy status and baseline coffee consumption; (3) study characteristics, including study design, type of intervention and control treatment, cups of coffee/day during the trial and intervention duration; and (4) lipid profile, including baseline and final concentrations or net changes of TC, LDL-C, HDL-C and TG.
Statistical analysis
The mean lipid profiles at baseline and at the end of intervention period were used to calculate mean net change for each study. For parallel trials, net change in serum lipids was calculated as the mean difference (coffee minus control) of the change (follow-up minus baseline) in serum lipids. For crossover trials, net change was calculated as the mean difference in values between the end of the coffee supplementation and control periods. The variances for net changes in serum lipids were not reported directly in some studies. Therefore, they were calculated from confidence intervals (CIs) and P values for intervention and control groups (parallel trials) or intervention and control periods (crossover trials) by using standard methods. 21 The variance of paired differences was not reported in one parallel trial, 7 we calculated it from the variance at baseline and at the end of follow-up by using correlation coefficient methods. 21 To calculate the pooled mean net changes, each comparison was assigned a weight consisting of the reciprocal of its variance. Weighted mean effect of coffee consumption on lipid profile and the corresponding 95% CIs were calculated. Heterogeneity of effect size across trials was tested by Q statistics in which statistical significance was established at Po0.10. We also calculated the I 2 statistic, which describes the proportion of total variation in study estimates that is caused by heterogeneity. Random-effects model was used in the meta-analysis of TC, LDL-C and TG.
To explore the potential influences of study designs and participant characteristics on net change in lipid profile and identify the possible source of heterogeneity within studies, we further conducted prespecified subgroup analyses stratified by study design, type of coffee, brewing methods, intervention duration, intervention dose, age, sex and hyperlipidemic status. When information on mean age was missing in one trial, an average of the minimum and maximum values for that trial was used. 17 Sensitivity analysis was conducted to investigate the influence of a single trial on the overall effect estimated by omitting one study in each turn. Univariate and multivariate meta-regression models were employed to explore the influence of coffee dose or study duration on net change in lipid profile. Covariates included in the multivariate model were coffee dose, coffee brewing method (filtered or unfiltered) and study duration.
Publication bias was assessed with funnel plots, which plotted the s.e. of the studies against their corresponding effect sizes. In addition, Egger's linear regression test and Begg's rank correlation test were conducted to detect publication bias. When publication bias was identified, a nonparametric trim and fill method was performed to adjust the publication bias. All analyses were conducted in STATA (version 9.2; Stata Corp., College Station, TX, USA). Po0.05 was considered statistically significant, except where otherwise specified.
RESULTS
The trial flow chart was illustrated in Figure 1 . Our literature search identified 36 trials including 2 of them obtained from the reference lists. Twenty four studies were excluded because of non-randomization (2 studies), lack of a control group (20 studies, including one study in Chinese) and insufficient original data (2 studies). Thus, 12 studies with a total of 1017 subjects were included in this meta-analysis.
The characteristics of the trials included were shown in Table 1 . The trials varied in sample size from 12 to 261. A crossover design was used in six trials and others used parallel design. Caffeine coffee was used in the total 12 studies, and decaffeinated coffee was used in 3 studies. Unfiltered coffee was used as intervention in 12 comparisons and filtered coffee was used in other comparisons. The control group received no coffee (17 comparisons) or tea (5 comparisons). The duration of treatment varied widely, ranging from 14 to 79 days (average, 45 days). Coffee intake varied from 2.4 to 8.0 cups/day in the various treatment groups. Nine studies were conducted in Europe, including three in Netherland, two in the United Kingdom, two in Finland, one each in Italy and Norway and three were performed in the United States. Six of these 12 studies were focused on men and the remanding studies included both sexes. In five comparisons, the participants had hyperlipidemia at baseline according to the definition of the original study. All studies reported no significant differences regarding baseline characteristics such as age, body Effect of coffee consumption on serum lipids L Cai et al mass index, TC, LDL-C, HDL-C and TG between groups. There were also no significant weight changes or negative side effects reported.
In this meta-analysis, the pooled estimate of the effect of coffee consumption on TC in 12 studies was an increase of 8.1 mg/dl (95% CI: 4.5, 11.6; Po0.001) (Figure 2 ). Eight studies with 15 comparisons reported values of LDL-C before and after coffee or control treatments (Figure 2) , and the pooled estimate was 5.4 mg/dl (95% CI: 1.4, 9.5; P ¼ 0.009). When the 9 studies with 17 comparisons reported values of HDL-C were combined, the mean difference was À 0.1 mg/dl (95% CI: À 0.6, 0.4; P ¼ 0.644) in HDL-C (Figure 2 ). The pooled mean net change for TG in 7 studies (11 comparisons) was 12.6 mg/dl (95% CI: 3.5, 12.6; P ¼ 0.007) (Figure 2 ). In the sensitivity analyses, none of the trials omitted in each turn seemed to substantially influence the treatment effect (data not shown).
Subgroup analyses of the effects of coffee intake on TC, LDL-C and TG was shown in Table 2 . Interestingly, we found that caffeine coffee had significant effects on LDL-C, TC and TG but decaffeinated coffee had not. Moreover, unfiltered coffee exerted significant increasing effects on TC, LDL-C and TG comparing with that of filtered coffee. The increase in TC, LDL-C and TG were more pronounced in studies with coffee intake X6 cups/day or studies performed in both male and female. There was higher increasing effect on TC in hyperlipidemic than that in normal subjects (28.9 mg/dl vs 5.6 mg/dl). However, after excluding the hyperlipidemic participants, coffee intake still had a significant effect on LDL-C, TC and TG in normal subjects.
Univariate and multiple meta-regression analyses for cups of coffee administered, and duration of intervention were conducted (Table 3 ). In the multiple model, a significant dose-response relation between coffee consumption and TC, LDL-C and TG was found. Results from the multiple model confirmed that coffee dose was independently associated with net change in TC (P ¼ 0.006), LDL-C (P ¼ 0.006) and TG (P ¼ 0.003), even after adjusted for types of coffee and study duration. Coffee dose was therefore proved to be a significant and independent predictor for heterogeneity, strengthening the results of the subgroup analyses. There was also a tendency for a positive association between duration of intervention and serum TC levels after adjusted for cups and types of coffee (P ¼ 0.051).
The potential publication bias was detected by funnel plots, Egger's test and Begg's test. Funnel plots suggested asymmetry in the meta-analysis of TC, but not in the mea-analysis of LDL-C, HDL-C and TG (data not shown). Egger's test and Begg's test yielded similar results with funnel plots: TC (Egger P ¼ 0.01; Begg
To correct the publication bias identified in the meta-analysis of TC, the trim and fill method was employed. After filling in the missing study identified by the trim and fill method and recalculating the pooled estimate of TC, we found that coffee drinking increased TC by 7.8 mg/dl (95% CI: 4.1, 11.5; Po0.001), which changed little compared with 8.1 (95% CI: 4.5, 11.6).
DISCUSSION
This meta-analysis showed a significant increase in TC, LDL-C and TG, but not in HDL-C, during coffee interventions. The effect of coffee drinking on lipid profile was more pronounced in trials in which the participants drank boiled coffee, caffeinated coffee, had hyperlipidemia, drank more coffee and were older. Metaregression analyses further revealed significant positive associations between coffee consumption and the net change in TC, LDL-C and TG.
These dose-response relationships we found are consistent with observational studies. One prospective study reported that drinking one cup of regular coffee a day was associated with about a 2-mg/dl increase in TC over 16.7 months of follow-up after adjustment for age and changes in other potential confounders. 22 Nystad et al. 5 found that total coffee consumption was positively associated with TC levels. Yamashita et al.
2 also reported that coffee consumption showed positive association with TC and LDL-C, even though consumption of unfiltered coffee would be very little in the study sample. In this meta-analysis, the summary effect for every cup/day increment in coffee intake was 3.74 mg/dl in TC, 3.38 mg/dl in LDL-C and 6.56 mg/dl in TG. In observational studies, the effect of coffee additives, such as cream and milk, might be responsible for the association between coffee consumption and higher serum cholesterol levels. However, this is not the case in the RCTs used in this meta-analysis because use of additives was controlled in almost all trials. Number of treatment group/number of control group.
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In the subgroup analysis, the effect of coffee drinking on lipids was more prominent in trials with a shorter intervention duration (o8 weeks). However, a tendency that change in TC was associated with longer intervention duration was shown; and there was no association between coffee intervention duration and change in LDL-C or TG, after adjusted for cups and types of coffee. The lack of statistical significance in the present study may be due to the various choice of comparison group, different intervention populations or confounding. It should be noted that all the trials included in this meta-analysis focused on Western populations. Only one trial 23 investigating the effect of coffee consumption on serum lipids in Chinese was found and excluded owing to a lack of control group. This Chinese study reported that consumption of 5 g caffeinated coffee/day for 1 month exerted significant favorable effects on serum lipids in young women, which is inconsistent with our study. More trials are needed to investigate the health effect of coffee intake in Asian population before definitive conclusions can be made.
This study suggests that sex may be a modifier of the effect of coffee on the lipid profiles. The effect of coffee on lipids was significantly larger in trials that included both men and women, compared with trials that included only men. Sex differences in lipid profiles in response to coffee have not been particularly investigated in previous RCTs. Further studies should be conducted which specifically enroll women.
Whether the cholesterol-raising effect of coffee is partly due to caffeine remained unclear. In our meta-analysis, only three randomized control trials involving decaffeinated coffee have been identified. 9, 10, 13 Results indicated that caffeinated coffee had significant effects on TC, LDL-C and TG but decaffeinated coffee had not. It was reported that a significant dose-response relationship was found between caffeine consumption and TC in women but not in men, regardless of source of caffeine. 24 In another cross-sectional study, after adjusting for age and adiposity, the mean serum cholesterol level was 11 mg/dl higher for women consuming 200 mg or more of caffeine per day compared with those consuming less. 25 Nevertheless, a recent study found that serum caffeine concentrations were closely positively related to TG in caffeine-drug users, but no associations were found between serum caffeine concentrations with TC or LDL-C levels either in caffeine-drug users or nonusers. 26 In addition, Du et al. 26 concluded that chronic intake of caffeine (exclusively from diet source) might slightly increase HDL-C concentrations in women. Caffeine has been shown to exhibit several biological effects, such as increased fat oxidation and mobilization of glycogen in muscle, increased lipolysis and decreased body fat. 27 Further confirmation is required in large prospective studies, especially RCTs.
It is nowadays a general viewpoint that coffee oils, such as cafestol and kahweol, are responsible for the lipid-raising effects of coffee consumption. 27, 28 Consistent with this viewpoint, we Grubben (2000) Fried (1992b) Superko (1991b) Aro (1985) Van ( Overall (I-squared = 21.6%, p = 0.203)
Rosmarin ( Grubben (2000) Aro ( Effect of coffee consumption on serum lipids L Cai et al found that trials using boiled or unfiltered coffee had a stronger cholesterol-raising effect than did those using filtered coffee. Boiled coffee has a higher concentration of coffee oils because of the higher temperatures used during its preparation and the longer contact time between the coffee grounds and water. 15 Filtration of coffee through a paper filter can remove the most of coffee oils from the coffee extract. 29 Coffee oils, including cafestol and kahweol, increase the synthesis of cholesterol by decreasing excretion of bile acids and neutral sterols. 27 The lipid-raising effects of coffee drinking pose a possible threat to coronary health. In general, case-control studies have found high-coffee intakes to be associated with significantly increased risk of CHD. 30 However, cohort studies generally have not supported a significant association. [31] [32] [33] An up-to-date metaanalysis of prospective studies indicated that moderate coffee consumption may be weakly inversely associated with risk of stroke. 34 Coffee contains several biologically active substances other than diterpenes and caffeine, such as chlorogenic acid, flavonoids, melanoidins and various lipid-soluble compounds. 35 The antioxidants present in coffee are useful in lowering the risk of coronary heart disease. 36 For example, chlorogenic acid improves the antioxidative status of the body and reduces LDL oxidation; 35 Adjusted for coffee brewing method (filtered or unfiltered) and study duration. Effect of coffee consumption on serum lipids L Cai et al chlorogenic acid and caffeic acid slow down the process of inflammation, hence providing protection from the hazardous effect of free radicals and against endothelial damage.
37
Our study has several strengths. In the previous meta-analysis, 6 the study search was not comprehensive. Two primary studies 7, 8 published before 1998 addressing the research question were not identified. In addition, one trial 20 that met the inclusion criteria was published in 2000. These three trials 7, 8, 20 involved 409 participants were included in our study. Second, the trials included in our meta-analysis were all well-conducted RCTs, which provide much stronger support for a causal association than observational studies. Furthermore, improved statistical methods, such as metaregression analysis and Egger's test, were employed in our analysis, making the results more convincible.
It is noteworthy that the changes of TC and TG were smaller and greater, respectively, compared with the previous meta-analysis. 6 With regard to TC, one possible explanation for this difference is that we further included two trials 7, 8 (345 participants) with a coffee dose o6 cups/day. On the other hand, results from Grubben et al. 20 showed that consumption of 1l unfiltered coffee/day for 2 weeks significantly raised TG concentrations by 35.4 mg/dl, which had a great impact on the pooled mean net change for TG.
The limitations of this study should be considered. Although we searched the articles in English and Chinese, we did not find any Chinese paper meeting our inclusion criteria. In addition, we found some evidence for publication bias in the meta-analysis of TC. However, after filling in the missing study identified by the trim and fill method and recalculating the combined value of TC, we found that coffee drinking increased TC by 7.8 mg/dl, which means that the publication bias had little effect on the results. Furthermore, the sensitivity analysis showed minimal influence on the combined results for any single trial.
In conclusion, our results suggested that the intake of coffee especially unfiltered coffee is contributed significantly to the increase in TC, LDL-C and TG. Coffee dose is a potential modifier to the effect of coffee consumption on serum lipids. Coffee oils as the active factors are a major contributor to the cholesterol-raising effect of coffee. More studies need to be conducted on the effect of coffee on serum lipids particularly in Asian populations.
